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Abstract. Coral reef growth is influenced by several factors: temperature, salinity, depth, waves,
currents, turbidity, and irradiation. The condition of coral reefs is very susceptible to damage.
The Indonesia coral reef ecosystem condition is quite worrying, coral reef which is in very good
condition 6.39%, good condition is 23.40%, enough condition is 35.06% and bad condition
35.15%, so there is need special handling for the damage using a technological approach. Based
on this, there are many researches aimed at coral reef conservation, one of them is ASV
(Autonomous Surface Vehicle). ASV in this study using a sensor array approach, which consists
of: PH sensor, temperature sensor, turbidity sensor, sensor DO (Dioxide Oxygen), and sensors
of carbon dioxide. This study aims to model the quality of sea water on coral reefs. The data
obtained from the ASV sensor is processed in the system using Fuzzy algorithm. This modelling
will produce three classes: good, medium and dangerous. Classes generated by the system will
then be used to determine the appropriate type of treatment of coral reefs. The accuracy of the
research is 93.34%. Based on the value of accuracy produced, the system developed by this
research is expected to facilitate monitoring and assist in overcoming coral reef damage which
later can be followed up with conservation of marine ecosystem.
Keywords—sea water quality modelling, autonomous surface vehicle, coral reef
conservation
1. Introduction
Coral reefs are unique ecosystems with underwater beauty. In addition to beauty, there is a function to
reduce abrasion, place of residence of marine biota and as well as a means of education. According
to [1] Indonesia is a country that has an area of 3,257,483 km² of waters, Based on One Map Policy
mandated in Law No. 4 of 2011, the area of coral reefs in Indonesia is about 2.5 million hectares
with 569 species coral belonging to 82 genera.
The current state of the coral reef ecosystem in Indonesia is quite alarming. According to [1] the
condition of coral reefs in excellent condition was 6.39%, good condition was 23.40%, adequate
conditions were 35.06% and bad conditions were 35.15%. So there needs to be special handling to
deal with the damage by using technological developments. Based on these conditions many
researches emerged for observation and conservation efforts.
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Research on Remotely Operated Vehicle (ASV) (Autonomous Surface Vehicle)[2] [3] [4] are mostly
conducted to observe and conservation. Research on ROV / ASV shows a high use aspect. Based on
that this research aims to develop a system that is able to read the results of ASV.
ASV in this study is equipped with sensors based on factors that influence the growth of coral reefs in
research [5]: PH, temperature / temperature, turbidity, DO (Oxygen Oxygen), and carbon dioxide.
Sensor output is modeled using the Neural Fuzzy Network algorithm, the results are tested to obtain
the accuracy of the tool. The system of developing sea water quality modeling is expected to produce
high accuracy so that it can facilitate monitoring and assisting in overcoming damages to coral reefs
which can later be followed up with marine ecosystem conservation and local government policies.
2. Related Work
2.1 State of The Art
Research [6] Data Logger. Temperature and humidity will be displayed in graphical form. Research [7]
examined water quality in coral reef ecosystems using parameters: pH, Oxygen Dioxide (mg/l),
Temperature (oC), Brightness (meters), Salinity (ppt), Flow (m/s), Depth (m). The results of this
study in the form of water movement factors and depth greatly affect water quality. Research [2]
developing remote water vehicles or known as low-cost ROVs. Research [8] developed a temperature
control simulation on the Heat Exchanger using Adaptive Neuro-Fuzzy technique.
From the research above, it is necessary to develop appropriate for the condition of the waters in
Indonesia. So the purpose of this study is to model water quality for reefs to reduce the level of
damage to coral reefs in Indonesia.
2.2 Water Modeling
Coral reef damage is caused by several factors. Therefore, it is necessary to model water quality so that
the captured data can make changes or prevention for contaminated coral reefs that have been
damaged. Here are some parameters that play a role in the development of coral reefs: sea water
temperature, water turbidity, pH, carbon dioxide levels, and dissolved oxygen.
Sea water temperature is divided into two, namely temperature in situ and potential temperature [9].
Research Patty Simon I (2013) in his observations concluded that the water temperature ranged from
28.2 to 32.5oC with an average of 30.1±1,11oC, water temperature looks varied with the coefficient
of variation (CV) of 2.93% and 1.90%. Varying the temperature values that occur in these waters,
indicates that the temperature value in these waters is affected by external factors including weather,
wind and currents. Changes in sudden current patterns can also reduce water temperature values [10].
Water turbidity is generally influenced by the value of suspended solids, the higher the content of
suspended solids the higher the turbidity and the lower the level of brightness of the waters.
circumstances show the nature of water turbidity is still bad if it is at a value below the specified
quality standard of 5 NTU [11][12]
According to [13] pH is an expression of the concentration of hydrogen ions (H+) in water. The amount
is expressed in minus the logarithm of the ion concentration H (pH = - log [H+]). Marine waters
generally have a relatively more stable pH and are in the range between 7.6 - 8.3 which means
alkaline or called alkali [13] [11] [12]
Carbon dioxide levels are the result of the respiration process [14]. Free carbon dioxide is released and
reacts with water to form carbonic acid which is then reduced to bicarbonate and carbonate to make
the pH low. Changes in coastal morphology, beach dynamics and human activities on the coast affect
the CO2 system in the coast.
Dissolved oxygen is a chemical variable that has an important role for the life of marine biota and is a
limiting factor for biota life. Oxygen solubility will decrease due to increasing water temperature and
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salinity. Dissolved oxygen concentration is influenced by the respiration process of aquatic biota and
the decomposition process of organic matter by microbes. the addition of organic substances is one
of the other ecological influences that causes dissolved oxygen concentrations to decrease [11][10]
This research using Autonomous Surface Vehicle (ASV), ASV is a vehicle operated on unmanned water
surfaces. According to [4] the balance control of ASV dynamic steering is used to control the
movement of vehicles with visual navigation. USV has considerable benefits in water observation.
However, this development has not been followed well in Indonesia, so it is necessary to further
develop USV technology [15]. This research use ASV to retrieved sea water data.
This data processing research conducted using Neuro Fuzzy Inference System (ANFIS). Fuzzy logic is
the logic of grading values such as rather large, large, very large, and so on [16]. The neuro-fuzzy
method is often known as the ANFIS. ANFIS is an adaptive network based on fuzzy logic inference
system (Jang, 1993). The combination of these two methods will get results, namely adaptive
methods used in artificial neural network systems and Fuzzification used in fuzzy controllers [8].
ANFIS architecture shown in Figure 1, depends on the type of inference system that will be
implemented. In the first Sugeno model, fuzzy logic inference system with two inputs and two rules
as follows:
First Rule: If x is A1 and y is B1 then f1 = p1x + q1x + r1
Second rule: If x is A2 and y is B2 then f2 = p2x + q2x + r2
Figure 1. Fuzzy Sugeno logic model
Where A1 or B1 are linguistic (low or less), and P1, q1, p2, q2 are the specified parameters. Sugeno




Figure 2. ANFIS Architecture model Sugeno Order One, Two Inputs and Three Rules
3. Research Method















The research method used in this study is shown in Figure 3. Literature study was conducted with the
aim of collecting information from several references related to the issues to be discussed. Theories
related to the problems that will become research are used as a basis for processing data. At this stage
the State of the Art will be obtained where the research position serves to identify problems. The
problem shows the relationship between needs and current conditions. Literature studies that have
been conducted show that there are needs that have not been achieved by showing research that is a
reference of this research. So in this position the identification and resolution of the problems that
are the objectives of the research are carried out. Problem identification is the initial stage carried out
in the study. At this stage, identification and formulation of problems will be identified which will
be the objectives of the research. Formulation of the problem to be examined based on the
background of the problem described. After the background is obtained, then the next stage is data
collection.
Collecting data stage is carried out using ASV tools that have been developed. This data is then used as
the basis for rule-based formation on the system. This stage will be conducted at the research
location: Situbondo Beach. The selection of the Situbondo coastline is due to the calm waters and
the presence of several coral reef conservation points, so that it is expected that from this stage
adequate data is available for the development of modeling tools. After the data is obtained, the next
step is identifying parameters.
This stage is carried out to identify the parameters or variables that will be used in the research.
Parameter determination is done by observing the actual conditions to determine what parameters
are needed. This identification phase carries out the rule-base preparation from the results of the
interview, a rule base developed based on 4 sensors/parameters.
The data that has been obtained is in the form of output from the tool being tested. Trials carried out
using the help of the Weka application, with this application will be obtained the accuracy value of
the algorithm used. Information about the accuracy value is important to determine the feasibility of
using the algorithm used in the study. The next step in the research is application development.
Application development carried out by research based on the initial testing stages of algorithm accuracy
on research data. If the resulting accuracy is high/more than 90%, the research will use the algorithm
as the core of the modeling application. The application developed in this research is Web-based, the
selection of the Web as a platform considers the ease of accessing broadly to the modeling results
produced by the application. The application will be developed using a prototyping approach, this
method is chosen to ensure that applications are developed in accordance with the needs of the field,
this development method provides wide space for users to provide input in the development process.
The next stage of this process is the results and discussion.
At this stage, data analysis will be carried out by tools, tool reading data which is then classified by
modeling water conditions. The results produced by the tool are then compared with the results of
expert assessors, the equations that appear indicate the value of accuracy possessed by the tool, the
method used by the research is Ground Truth. After discussing the results, the next steps are
conclusions and suggestions.
At this stage is the final stage of the research that draws conclusions from the results of the analysis of
the discussion and provides suggestions for further research. In this section a review of related
technology/research is also conducted, this is done to ensure the research has a clear/novel
contribution to the research world. In addition, by continuing to review research developments,
research will benefit if there are similar studies that might find results that can improve the
reading/modeling of the system.
4. Result and Discussion
The research process produced new problems, the data obtained in the testing in Pasir Putih Situbondo
is shown by Figure 4, the results of the tests showed good data, but these results have not been able
to fully test the accuracy of the research data. The resulting data tends to be unbalanced as shown in
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Table 1, so data must be added so that inequality can be resolved. There are several options in this
response, including adding data by observing with a longer time span, or by adding a research
location so that it is representative with different data conditions, so that data as a representation of
KB can be used well by research. So that in the field test the research carried out further testing by
selecting two additional points representing different (bad) conditions.
Table 1. First Test
No pH Suhu DO Turbi GPS La GPS Long
1 7 27.5 6.8 66 -7644360 1.14E+08
2 7 27.5 6.7 64 -7644375 1.14E+08
3 7 27.5 6.8 62 -7644360 1.14E+08
… … … … … … …
98 7 27.5 6.6 68 -7644390 1.14E+08
99 7 27.4 6.6 68 -7644390 1.14E+08
100 7 27.4 6.7 70 -7644375 1.14E+08
Figure 4. Testing on the Pasir Putih, Situbondo
In the first test obtained unbalanced data, the expected variables appear not found in the first test. The
second test that was carried out attempted to correct this deficiency, at this stage the research carried
out testing by considering the variables during testing, on the other hand the study also considered
the different water quality. After phase two testing, the data obtained is shown in Table 2 and Table
3.
Table 2. Testing Gili Ketapang
No pH Temp. DO Turbi. GPS La GPS Long
1 28.37 38.73 6.18 36.55 -7.682658 113.246734
2 28.37 38.85 6.32 36.55 -7.682658 113.246734
3 28.37 38.5 6.21 36.55 -7.682658 113.246734
… … … … … … …
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393 28.37 38.96 6.38 36.55 -7.682658 113.246734
394 28.37 39.08 6.47 36.55 -7.682658 113.246734
395 28.37 38.85 6.5 36.55 -7.682658 113.246734
Table 3. Testing Pasir Putih
No pH Temp. DO Turbi. GPS La GPS Long
1 28.69 5.87 2.73 36.55 -7.695114 113.826606
2 28.69 3.28 2.91 36.55 -7.695114 113.826606
3 28.69 2.46 3.14 36.55 -7.695114 113.826606
… … … … … … …
545 28.69 0.58 3.11 36.55 -7.695114 113.826606
546 28.69 5.28 3.25 36.55 -7.695114 113.826606
547 28.69 4.93 3.8 36.55 -7.695114 113.826606
Based on the data obtained in the second test, the study divides the data using the purpose sampling
method. Selected data will be used as data competition [17][18]. The study uses the algorithm shown
in Figure 4.
Figure 4. ANFIS System Architecture Model Sugeno
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The above neural network consists of 4 hidden layers. The first hidden layer uses Fuzzification, the
second hidden layer uses the Rule Antecedent Layer, the third hidden layer Rule Normalization
Layer, the fourth hidden layer Rule Consequent Layer and the last layer output uses linear as the
activation function. The bias in the diagram above actually exists but is not illustrated.
There are 12 weights and 4 biases between the first input layer and hidden layer, 16 weight and 4 biases
between the first and second hidden layers, 4 weight and 1 bias between the second hidden layer and
the output layer. So that a total of 41 parameters must be updated.
(1)
Tests conducted by the research resulted in 93.34% accuracy. This value can be obtained because the
training data produced by the study is balanced, meaning that it is proportional to the three conditions.
So that the data in this study did not go through the preprocessing stages to be used, but the study
immediately divided the data with a scheme of 10% and 90% distribution. 10% of the data is used as
training data so the data will be consulted to the experts after being grouped, then the remaining 90%
is the test data that will be used to input the system test.
5. Conclusion
The results show that the algorithm used for the research data is appropriate, this is evidenced by the
high accuracy value, which is 93.34%. This accuracy value at the same time makes the purpose of
the research achieved, which is to create a system that can model the quality of sea water well. This
is good news, in an effort to increase coral reef monitoring, so that the preservation of coral reefs
which means also maintaining ecosystems will still be suitable for use to live and breed marine biota,
which in the end will also benefit humans.
Based on the value of accuracy produced, the system developed by this research is expected to facilitate
monitoring and assist in overcoming coral reef damage which later can be followed up with
conservation of marine ecosystems.
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